Potent mutagenicity of some non-planar tri- and tetrachlorinated biphenyls in mammalian cells, human CYP2E1 being a major activating enzyme.
Polychlorinated biphenyls (PCBs) have been classified as human carcinogens. Mutagenicity of lower chlorinated biphenyls as well as activation of transcription factors by some other congeners may contribute to the carcinogenicity of PCBs. Recently, we reported that human CYP2E1 activates mono- and dichlorobiphenyls to mutagens. However, mutagenicity of other PCBs and the involvement of other CYPs remained unknown. In this study, Chinese hamster V79-derived cell lines genetically engineered for expression of individual human CYP enzymes and a human hepatocyte (L-02) line endogenously expressing various CYPs were used to determine the activities of several tri- and tetrachlorobiphenyls to induce micronuclei and gene mutations. 2,3,4'-Trichlorobiphenyl, 2,3,3'-trichlorobiphenyl, 2,4,4',5-tetrachlorobiphenyl and 2,2',5,5'-tetrachlorobiphenyl efficiently induced micronuclei and/or gene mutations in V79-derived cells at low micromolar concentrations, depending on human CYP2E1, while they were inactive in parental V79-Mz cells and weakly positive or inactive in V79-derived cells expressing human CYP1A1, 1A2, 1B1 or 3A4. The induction of gene mutations in human CYP2E1-expressing V79 cells by 2,3,4'-trichlorobiphenyl and 2,4,4',5-tetrachlorobiphenyl was more potent than that of N-nitrosodimethylamine, a strong carcinogen activated by CYP2E1. As representative PCB compounds, 2,3,3'-trichlorobiphenyl and 2,3,4'-trichlorobiphenyl induced micronuclei in L-02 cells, and this effect was blocked by specific CYP2E1 inhibition, wherein the effects of benzo[a]pyrene and aflatoxin B1 (activated by some CYPs other than CYP2E1) were unaffected. This study demonstrates that some non-planar tri- and tetrachlorobiphenyls are potent mutagens in mammalian cells-more potent than previously tested mono- and dichlorobiphenyls-and that among several human CYP enzymes, CYP2E1 is most efficient in activating these environmental contaminants.